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'..."'renee Ca.. NaC Conat'n ....... "''lstr~ ce_

Ca.. 1: kklobl laIC 10 .. Nett 1 27.8 ..Noll 1 11.5 20.4 10.4
(.)

oaf ~4d .. Hott1 m _Noll 1 4S '01 11
ChIMIlI

ca. 2: Sideto~ 1ar't10 ..Noll 1 -u . _Noll 1 -6.5 14.' U
(.)

Otlpla. .. Noel 1 1 _NoIt1 0 31 •CIWNII

ca. 3: Tran..Hor'n WC10 ..NoIt1 21.4 _Noll' ,... •.7 32.3
(.)

O'III'HU .. Noel 1 ZlO _NoIt1 7' 7,. 1,710
c...-

Tabllm • Io/C,o In fl. and !tumblr fA DII,.._ ChIn ..

NeM 1: TheM analyMeh~ not )1M been completMf.

Table IV gives a summary of the aggregate interference impact on Nch of the
victim systems, taking into account the number of victim beama and IP'Ud bandwidths
that are simultaneously affected by the interrer.nce.
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Victim ....1It. AggNPte Interferwnce Impe from a aingla IRIDIUM.....

AMSC IIcltOllbe:

SIdIIclbI:

T,.,.HclrtZon:

ConIiIIlallon 8eclcIoOe: 312 c:NnnllllOIt 0.5 Wiele~ •.4 ............. _ 5,241 WIClI~•.

SidIlCltle: None.

T,.,.IIeIrtzon: 220 c:NnnIII_ 0.5 vaa dIIIty, •.4 ............<'*' 3.•WIClI~.

EJIIpMt "limbe:

SideIClbe:

Trwte-Hortzon:

Qlaballlllr ~: 23 eN.... 1OIt 0.5 Wiele ecNIy. u.-s..ldlIIIdI._.....~•.
SideIClbe: None.

Trwte-Hortzon: 17' cr..... 1OIt 0.5 vaa 8IlIMty. u ............<'*' 2,110 ...-Il1O.

~y ~: 16 cNnnIlIlOIt; 0.4 vaa ecNlr, 1........... ('DIll 137 WIClI~•.

SIdIIclbI: 15 cNnnIlIlDIt 0.4 vaalClNty, 1........... _ 37WIClI~.

T,.,.IIeIrtzon: 7.341 cNI..... lOIt; NO IEAM CAfJACfTY REMAINING.

celIet ""'abe: 5a-..... loll; 0...... 8IllhIy, •.4........1111••120WIClI~.

SIdIlDbe: 3 CllWlnlllIOIt 0.........." U ............._72...~.

T-..1cll1Iol .: 1.710~1OIt0 ......8IlIMty.U""''''''''''_41.CMOWIClI~.

.
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4.4.5 Frequency and Duration of Interference 0Ccurence

The hquency and duration of interference occunwnceI will depend on the
relative geometries of the Iridium and victim satellite consteIlationa. and on the entenna
characteristics of the •••lIi.. Table IV .ummarizel the general obMrvationa made in
this resped for all the .ystems, with the exception of Global..... where a deUIiIed
computer simulation has been performed. and the results provided in Annex 4.2.

VICtim _lilt. F~uency.netDunKion of~ OCCUrNnCe

AMSC 8IcldotIe: ~pr.-I" one tlMm.......-.n CftWl).....0-.,.)

SidIlobI: P~IIIy~In"""~

TIW't'""'lcll'lZOlt: ~"'-In C*'lIIn ....

COI....-.on I-*kltle: SiNIIr tD AtNX 4.2

SidIIllbe: IinIIIr tD AtNX 4.2

T.......IIoI1ron: ~",-In C*'lIIn ....-- IIlcIdClbe: ~ ..,.-1"cnI'-"" ........--n.).....0- ...,.......: ,.,....,~1n......canauuIy

T,..Hartzon: ___~InC*'lIIn ....

Qtobelllr IlladClbe: "* tD AftWC 4.2

SidIIllbe: "*tD AftWC 4.2

T,..IIoI1ron: ~"'-In..-.n....

~ .....: ~pr-.tln en tlMm.......--n (lMl) ......c...·_
SidIIllbe: .......,~In..............

T,...I."'I: ~~In"'''''

c.. l.cdt~l: ,.,.,...... tn _...-n...........,.....en-. '.........: "........In............_Of...., AIIIIrI",-In..,....
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Ann" 4,1 Derivation of Iridium EIRP In Various Directions

This annex provides the derivation of the average Iridium b8ckJobe, lidefobe and
trans-horiZon EIRP spectral densities.

Table A-l below summarizes the Iridium data provided by Motorola on March 11,
1993. It derive. the EIRP (per 31.5 kHz channel) a. a u.ction of the cell type and for
shadowed and non-shadowed users. The average EIRP (per 31.5 kHz cIwn__) it then
calculated for the ca,. where 20~ of the uters experience fulllhadowing and~ of
the users are not shadowed. The final row of the table is the ruulting 8V8f'8g8
weighted EIRP,over all the cell types.

._.
Iftdlum ceo Typee

tie ti2 • t1

Number of 0... ofthilT~ per ....... 3 • 15 21

EIRP required (non-Ittlldowed uaer) 4.5d8W 7.0ew '.5d8W 12.74IW

AwnIge ... margin requtNd (2CM61N1dcrwed .....) e.edB e.e. e.edB '.1 dB

A...,. EIRP required (2~ 1tt8de1ftd u...) 11.1 feN 13.edBW 1e.1 deW 21.ldBW

~ of peek to eoc gain 1.5.

Awnge owr beam EIRP reqund 12.ecI8W 15.1 d8W 17.edlW D.3dIW

C2O" IMdowed u.,.)

A....EIRP (......... __ ..CIIII) 21.5 dlWper 41.e7 kHz

(including .tDId .....)

A...... EIRP(~ owrtlDrtloft.1loli..0lIl) 23.S cI8W per 41.'7 kHz

Motorola hal also indicated that it is approprtate to MUM a voice IdIvity r.ctor
of 0.375. which rwc:tuc. the EIRP vaI~ in Table 1by 4.2 dB.
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Motorola has also indicated that the satellite backlobe .,tenna gain will be better
than -39 dB relative to mainlobe beam peak, and the liclelobe antenna gain will be
better than -20 dB retative to mainlobe beam peak.

This results in average EIRP levels, per 41.67 kHz (occupied bandwidth) II
follows:

BackJobe EIRP: -14.7 dBWper41.67 kHz
Sidelobe EIRP: +4.3 dBW per 41.67 kHz
Mainlobe (Trans-Horizon) EIRP: +12.4 dBWper41.67 kHz

When expressed per Hz, the.. values become:

BackJobe EIRP: -60.9 dBWIHz
Sidelobe EIRP: -41.9 dBWIHz
Mainlobe (Trans-Horizon) EIRP: -33.8 dBWIHz
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Ann'l 4.2 Coupling of Global.ar and Iridium ""1'"

Motorola has cI.med that the coupling from ita IYStem into the Gtobtliitar
system is infrequent and of short duration. This is not the caM. Computer limulationa
of the two orbit const.llations show that the coupling is continuous over the worfd even
for small ranges.

The simulation k.pt st8tisties on the occurrences of an Iridium satellite within
three diff.rent coupling distances from a Giobaistar lllteUit.. The dilWncel .. 9404 km
1675 km and 1926 km. Th. analysis was performed with a computer limulation which
operated with the Globalstar satellite system and the lricium ..Ii. aysttm
simultaneously. Statistical data was compiled to examine the percentage of time the
Globalstar Iyst.m was within a certain coupling dis~ to an Iridium satellit•.

The ca..s that w.re analyzed w.re on a wor1d wide scale. The method
simulated the orbital constellations for many orbital days to determine statistically the
percentage of tim. that an Iridium satellit. is coc.aped with a Glot.Iatar ."'itt. Data
was al.o accumulated to determine the aver8Q8 and maximum duration time ... the
condition occurs. It was found that for Globaistar theM couplings occurnMi for a
significant portion of an orbit. The simulation w.. run for a long period of time to collect
maximum and average duration and the percentage of time tNIt the condition occura.
Observation of the simulation shows that when the Iridium M8m is near a Globalstar
satellit. the coupling of a Giobalstar satellite and two Motorola _8Ilit.. 0CCUf'I at
distances l.sI than 800 km. This worst cue and other ca_ involving multiple lridum
satellites have not been addrnsed. Tabl.1 gives the limulation reIuttI.

TABLE 1
Number of Giobalstar settllitM, maximum dUlation,

aver8Q8 duration that Global ia
within given distance to an lr1dium ......

Distance (km)
(min.)
944
1675
1926

#I of OS uttIlittI

e
26
37

mednun (min.) ....

6 1.6
21 3.8
39 8.7

Table 1 shows the minimc.m runber of Gk'JtMII.......... ttwt hIIYe at ...
one Iridium ..tellite within a gIv«1 cI-.a along with .. ·maxinun _ ...
duman. For example, et any~ time u.e INet" • ~ thIt
have at '..st one Iridium Mtellite within M4 km. This rnaimun cLndion time that an
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Iridium satellite couples with a Globalstar satellite within 944 km i.8 minuta and the
average duration time is 1.6 minutes.

The same simulation was done on an area limited to North America exduding
Alaska. This is to illustrate the possibility of interference to Global••while MtVing
Canada, Central America and/or South America while Iridium is serving the United
States. Table 2 gives the simulation results.

TABLE 2
Number of GlobaI.tar Satellit... maximum dlntion.

average duration that Giebel.....,ite ia
within given di.tance to an Iridium utellite:

North America Only

Distance (km)
(min.)
944
1675
1926

## of GS satellites

1 (57~ of time)
2
3

maximum (min.) 8Ventge

6 1.4
1 1 2.6
25 3.7
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AMiI U Calculltlon of Reflected Signal Pow.r from II1dlum Satellite
Downlinks Into Elllplit

On page 473 in Skolnik, Jm[Qguctjon to Baar System., Skotnik givea the
following equation for radar clutter power (i.e. earth reftected power) for the caM of
near vertical incidence:

c -- (x, Pt. A. . (0) 1(64 . R2 .•in.)

where. is the grazing angle on the earth from the source.

Note that clutter power i. proportional to 1JR2 ,..,. than the UlUa11JR4 found in
radar equations, Adapting thi. equation to yiek:l power ftux density at the victim
receiver yields:

(~ . Pt • (0) I (64 . R2 . W . lc: . lin .)

In the average loading ca.., two Iridium dwnnela will filii into the Ellipao cIw1neI
bandwidth of 1.1 MHz. Aaume that one Iridium ctwnII f8IIa within the EJlipIo
bandwidth and that the Iridium channel is opernng to alhadowed UMr. n..,... p.
I: 2.2 watts (5.5·2.1 • 3.4 dBW) as per page 17 of1M Iric:I\m Minor Amendment. ",.
distance R correspond. to that from the earth to the ElIipIo ....., Iince the .-th
intercepts virtually all of the energy of an inner Iric:Ium beM\, but the EUipio .....
intercepts only a fraction of the energy ntfIec:tecl fran the .-th, eo tMt R2~ng
losl applie. to the ground-Ellipao path. Aalume R a 4,000 kilometera, .. intennecIate
Ellipse altitude. A..ume •• so- or wrtical incidence on the MI'th. lo ...... to
additional 10.. due to the curvature of the earth for high aIItitude emitterl and Wgeta, a.
in the satellite ca... For this study (Iridium's altitude n bem1widthl), lc: is aroc.m 3.5
dB.

Data from Skotnik's 8.. tflndbook. 8econd EcItion (tIg&nI13.4 and 13.8 and
text on page 13.18f1) irdcllte that at .cu1d .,. incidence... the croll MCtion
density of the ... is~ 7 dB~ mews per~mew n:I ia conatant wfth
sea ,tat.. At 90- incidence, the croll section denIity__ tom • much • 15 dB for
calm ... to .-ound 10 dB with higher.... ".. tIg&nI ..1tated to be only
weakly~on~. For pu'1)O'. ofthia...ayM, ainoI of
incidence approecnng normal (901 ... .-mecr, a croea MCtion denIity of 10
dB iausumed.

SUbetituting tn:f aoIvIng:

CPfD • ·195.8dBWJHz

One ahadowed UHr'in MCh neighboring~ per MHz would 8dcI8RU1d
another 2.4 dB tot8l, yielding:
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Compare to PFO et an Ellipso satellite at the same altitude (with EIRP.....
-2 dBW since the satellite is lower in its orbit and the terminal il power COl drolled
correspondingly downward) of:

PFCtUll* -- -205.4 dBWIHz.

Thus, per Skolnik, a lingle shadowed Iridium channel per beam per MHz per
Iridium downlink time Ilot produces interference roughly equivalent to 16 EIH~o ~.

Additional limultaneoualy st.dowed Iridium u... per megahertz will produce a
corr.spondingly higher amount of interf..nce.

Motorola ltat.S in their application that .. many .. 980 UMrI can be eupported
in one beam. In this unlikely went case scenario, around 24 frequency channel. would
be in u.. in one beam per MHz instantaneousty. AllUm. theM u..r. occur in the
beam responsible for the bulk of the reftection energy to the Eli~..e1lit.. If30" of
them were faded, this would cnate an interference level of~ 115 EIIipao LMr'I
into an Ellipse satelllte. In thi,s cue no interfeAtnce from adjacent~I is ..-.ned,
lince the satellite would be carrying all its trafftc in one beam.

In conclusion, this approach to evaluating the level of interference from .,
Iridium satellite into an EIUpao satellite concludes tIW lricl~ can not &I1COmmonly
generate interference of around the magnitude of 8 to 32 (18 *3 dB) Ellipeo~ into
the appropriately pointed beam of an Ellipse satellite. Interferw'Ice of one to .,..
equivalent Ellipse users could alao arise in the lidelobel of adjacent EIIipIo beam•.
There is every reason to believe that this interference mechanism will be~ allO
in relation to the other proposed vietm MSS systems which will experience interference
from the secondary downlink of the Iridium Iystem.
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4.5. Sugge.ted Mltigatinl .ffectl.

Motorola assert. that certain effectl can be employed to
avoid "harmful interference" from secondary downlinks into
primary uplinks that may occur. Motorola has .sserted that since
the potentially harmful interference events are predictable in
time and space, it will be possible to plan the implementation of
these mitigating procedures in advance to avoid harmful .
interference during the potential interfering event.

The parties subscribing to this report assert that the
proposed effects either would not avoid harmful interference from
Iridium's secondary downlinks and so are not applicable, or are
so complex in implementation as to be infeasible.

Motorola has proposed five basic methods of mitigating
potential interference:

4.5.1. Sand Seqmentation. MOtorola's primary method of avoiding
mutual harmful interference between the Iridium system and other
MSS systems is to operate the .ystems in different frequency band
segments. However, it has been pointed out that even though the
Iridium system and other MSS systems may not operate on a co­
frequency, co-coverage basis, because of asymmetrical operating
authorizations in different regions, in-band interference events
could occur unless their effects were mitigated.

4.5.2. pownlink Malkin; by the Primery J1»liok. The Iridium
system transmits and receives on the same frequency. When one or
more MSS systems are operating CO-frequency with the Iridium
system and their beam coverage overlaps on the Barth, both
systems typically will receive uplink signals from the .ubscriber
units in all co-coverage areas.

On occasion, the other system may also receive the Iridium
downlink signals from the backlobe and sidelobe of the Iridium
satellite. According to Motorola, this downlink signal will be
of lesser magnitude than the uplink signal and therefore will be
partially ..sked by the uplink signal.

The parti•• s~cribing to this Report believe that it i.
inappropriate to take into account interference fram Iridium
uplinks when calculating the effects of secondary downlink
interference tram an Iridium satellite.

4. 5. 3 . BeA MeD'S_Dt. According to Motorola, beam maDag_nt
is applicable to the trans-horizon scenario. UCder this
scenario, beam management would be uaed to avoid traoami••ion
when any Iridium satellite antenna beam traDamits into another
MSS system's satellite when to do 80 could cause harmful
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interference. The satellites of the victim system could be
either in a geosynchronous or non-geosynchronous orbit. Motorola
has asserted that the potential for harmful interference will be
substantially mitigated by managing the Iridium satellite antenna
beams so they will ~ transmit into the other system's
satellites.

4.5.4. Fregyency",plgement. According to MOtorola, frequency
management is applicable to both the trans-horizon and the
backlobe/sidelobe scenarios. This technique involves managing
the frequencies used by the Iridium system so that no harmful
interference would be caused to other MSS systems that would
otherwise operate co-frequency in a portion of the frequency
band.

If the Iridium system were licensed to operate in a broader
bandwidth in one part of the world than another, and the geometry
of the satellites in their respective orbits is such that th.re
is a potential for either trans-horizon or backlobe/sidelobe
interference, the Iridium satellite would manage its frequencies
so that there would be no co-frequency operation during the
period of interference susceptibility. Due to the relative
velocities of the satellites, the period of interference
susceptibility is very short.

Motorola described two frequency management techniques. One
frequency management technique includes reducing the total
bandwith required by reducing the vocoder data rates and
reassigning the operating frequencies to the non-interfering
frequency band. After the period of interference susceptibility
has passed, the vocoder data rates would again be increased. A
second frequency management technique uses the 6-beam reuse
pattern of the Iridium system. The frequencies may be managed so
that they are not used in a beam where there is a potential for
interference.

4.5.5. Anteppa CharAct.ri.tic.. According to MOtorola, if
necessary, the ant.nD& parameters of the int.rfering satellite
system can be modified to accommodate int.r- a. w.ll as intra­
system .haring ODC' tb. characteri.tic. of oth.r MIS sy.t... are
fully de.ign.d. Thi. would be accompli.hed during the initial
coordination proc••s between u.s. lic.ns.... Such parameter
modifications could include: (1) improv.d backlobe and/or
sidelobe r.j.ction; and (2) cro.s-polarization b.tween
satellites.

4.6. a.spons. to Moto~ola'. SU....ted Mltl.atlD••ff.et••

The partie. subscribing to this r.port a.s.rt that
Motorola'S suggested mitigating effects would not be sufficient
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to eliminate ha~ful interference from Iridium secondary
downlinks. Por example, due to the complexity of Motorola's
frequency beam assignment, it is almost impossible to turn off
beams or to turn off carriers to avoid interference without
having substantial reduction of MOtorola's capacity. Moreover,
the proposed mitigating techniques are too complex to implement
before systems are launched, but should be available tor
consideration during any international or domestic coordination
process. In any event, no burden should be imposed upon users of
primary uplinks in order to avoid harmful interference from
secondary downlinks.
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II CDMA vs. CpZoSA

5.1.1 Introduction

This section includes an analysis of the individual and collective C81eu8ted
capacities (hereinafter referred to as 8capacities8) of.. COMA appIiClntl' propoaed
systems, when operating in accordance with a full-band interference sMring
arrangement. The system designs depided in this HCtion .. bued on thole
presented in the applications, other FCC filings, .-1d system moc:liftctltjona conaidered to
facilitate sharing. It shoutd be noted that these desa1ptiona do not include.' potential
methods of optimization which may further enhance opet ation and permit tigher
capacities than those represented.

Annex 5.1 discusses the technical rationale behind the UN of downlink PFO
spectral density and uplink aggregate elRP areal-spectral denaity. the prim~
coordination interface parameters between COMA MSS systems.

5.1.2 Methodology for the Calculation of R..llzabl~capacity In the Downll,*

The technique used to .ssess the capacities of the syst.ns is based on a
modelling of the systems which takes account of the major fedcn that will determine
the realizable capacities of the systems under actual openlting conditions. This
approach has been chosen, in preference to a complex computer limulation of the
interadion between the systems, in order to gain iMlight into the fectorI that are
important in determining capacity. An additional ANIIon for ttU 8W08Ch is that it is
compatible with both the time avail8ble and the degree of detail that the FCC's
Negotiated Rutemaking Committee is able to entertain.

5.1.2.1 Downlink System Data Required for the AnaIyaIs

The following downlink system param.t.... are required to perform the --Y8is.
each param.ter is briefty defined and described.

(Aa) BIItband Bit-Rltl

This il the total downlink baseband bit-rate NqUired for a lingle voice
channel. It should include all signalling overhilld.

(Bet> QbanQlI ActiYi1v Factpr

This paramet.r (which should be between aro n one) Ihouk:I be
included if the system intends to exploit voice activity by reducing the
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transmit power in the downlink during the natur81 pau... in speech. Thi.
parameter is the numerical ratio of the average power to the peak power
accounting for only the power reductions attributed to paUMI in speech.
Alternatively, if some form of Digital Speech Interpolation (OSI) i.
implemented, which produces a corresponding channel efficiency gain,
this should be included here as the inverse of the average number of
virtual channels multiplexed in an individuallignal.

(Cd) Tptal BE Bandwidth

This is the total occupied downlink RF bandwidth used by tM system.

(Od) Minimym OQlraling EbfNo

This downlink parameter, which i. a function of the moduI.mon lCheme
and modem implementation, is nonnally represented in dB form, but
needs to be converted to a linear power ratio to substitute in the capacity
equation.

(EcJ Nymber of Salem!e Beams tQ provide CONUS CQVIf'IQI

This is the total number of downlink beams, irreepective of the number of
satellites, used to implement CONUS coverage. If there are~e
satellites in the same system providing co-coverage, the be8m. in the
areas of ovel1ap should only be counted once.

(Fd) Bum EClQytnc;y Bl-UH Factor

This parameter is a measure of the degI.. to which the downlink
frequency band is re-uIed spdalty 8I'nOng the bMm.. The V81ue of this
parameter i. -N-, where frequencies .. re-uIed once in wery -N­
beams. For example, a system with~ in fNfWY beam hal • value of
N=1. A syst.", with full frequency re-uM in.very third beam haa a value
of N=3.

(Get) AyIragt Prr:tpgtign M-ajn

This is the downlink power m.-gin ntqUintd. in dB, at ."y instant in time,
avwaged over all the users in the CONUS CCMnIg8 of the syItem, used
to overcome propagation imp8innMtl NIIItive to he spIK"A.

(H~ Aytrag. 'Omit and Btwn EtfIsD

Thi. parameter tIlk.. 8CCCU1l of the combined effect fIf ctcwmink ....
ditferences and downlink antenna gain COI'1lcU..... It ia ••••ntially •
dB value that is equivalent to the .,... atra aateIIte power ~ired to
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communicate with all the users distributed throughout the.. covered by
an individual downlink beam, com~ to the situation if all thole \.MrS
were located at the optimum location in the ... covered by an individual
downlink beam, where GIR2 is at a mmcimum (G :: I8teIlite antenna gain;
R:: range to the satellite). It accounts for the dlftlcuJty of buildng a
perfect satellite antenna.

(Jd) Average power Contrpllmplem.ntation Mon

This is a dB value which is a result of imperfect downlink power control. It
is equal to the av.-age amount by which the link power exceeds the
minimum necessary to sustain the link, if power COI.troI were perfect.

(Kct) AV'raQl BHm Oytdap EICtor

This takes account of the spillover between downlink beams. It is the
ratio, in dB. averaged over all the u..... throughout the CONUS CO\W'IlQ8,
of the power from the intended plus lIdj8Cef\t be8ms to the power from the
intended beam only. Ita value is highly dependent on the Beam
Frequency Re-U.. Fador (SII item (F~ above).

(L) ~ectiY' Aperture oftbo Mobile BICIjyI AntInnI 'Aa\

The minimum efredive aperture of the mobil. receive nenna under
operational conditiona, calculated from the conwaponding gain at the
frequency of 2,500 MHz.

(M) System NojM Ttmp'fJltlp of the Mobil. BICIjyIt CIm)

The maximum system noil. temperature of the mobil. receiver under
operational conditions.

5.1.2.2 Downlink Analysis Method

The downlink .,.lysil method can be split into .... parts. The first two
stages are· used to derive the mmcimum realizable downlink capacity limite for Mch
system, as fonowa:

<a) Calculate maximum ideal downlink capacity <Ct.o), Ulling the following
fonnula:

CMlD :: (Cd'~ I (Act . Be. . Od . F~ (1)

where the letters in the fonn&Ja corrMpond to the pinmeterl defined in
section 5.1.2.1 above.
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(b) Calculate reduction from maximum ideal downlink capacity (CIID), by
taking account of the parameters defined in items G.s, He., J. and Kcs in
section 5.1.2.1 above. These parameters, when 88Ch .~aed in dB,
can be summed to produce the total downlink C'Alf)8City margin (Ae). The
maximum realizable downlink capacity (CuRD) can then be derived as
follows:

CMRD = Cwo I (1QA(AoI10» (2)

The next stage in the analysis is to derive the downlink cepac:ity sar-Ph for MCh
system, which relates the realizable capacity of the system to the maximum operating
downlink Power Flux Oensity·{PFD), spectral density, P-d, for varying .mounts of
interfering co-polar PFD, PtcI, due to other sharing systems. Refer to Annex 5.1 for.,
explanation of the significance of the.. parameters. This is caIcuIatecI as follows:

First it is necessary to calculate the effective downlink thermal noi.. equiwlent
flux density in a 4 kHz bandwidth, Pnd, for each system, whid'l is given by the following
equation:

Pnd = (k. Tm • 40(0) I Ae (3)

where: k =
Tm =
A. =

Boltzmam's conetant (. -228.8 dB)
Mobile receive syMerr1 noi.. temperature
(typically =290K or 24.8 dBI<)
Effective aperture of mobile NCeive antenna
(= -29 dBm2 for .. omnidirectional .".",.

at 2,500 MHz)

For the case of an omnidirectional antenna, UW equIItion giws a Vlllue for PIllS of
-139.0 dBW/m2/4kHz. This is the equivalent PFO at the mobile r8C8ive antenna u.t
would be required to produce the mobile receive system noiIe Wnperatunt
corresponding to Tm-

The .....izabI. downlink capacity, Ct.o, of the system, ."., opelating without
other int.rfering systems present, can now be related to the maximum ,..,iZabIe
downlink capacity, c...o, the maximum operating PFO, P-d, Met the err.ctive thermal
noise equivalent flux deMit)' in a 4 kHz bendwidh, Pnd, by the fallowing equation:

• (CMII) . PIcI> I (p., + Pnd> (4)

The impact of interfering co-poIar power lux density tom other co-hquency
systems, Ptd, can also be taken into account using the following equ8tion:
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(CMRO . Pta) I~ + Pncl + P1d) ....•......•...••......•....•..........•.• (5)

Alternative Downlink Analysl. Method

An altemative method of calculating the way in which the individual .yatem
capacities are dependent on operating PFD was also developed. This method is
described in Annex 5.2 n was uHcl by some of the applicants to conftnn the ruuIta
obtained using the method cteecribed in section 5.1.2.2.

5.1.3 Downlink Analysis

This aedion presents the results obtained when the downlink methodology
desaibed in section 5.1.2 above ia applied to the COMA _icanta' (Mel Cecaafa)
proposed MSS systema. The individual system e8p8City 8NllYIi' is performed
asauming that the full 16.5 MHz RF bandwidth ia available to the COMA system•. The
collective combined system capacity analysis ia performed for an 8V8ilable bandwidth
of 16.5 MHz.

5.1.3.1 Individual System Capacltl..

Using the equations given in section 5.1.2.2 1Ibove, the maximum ideal downlink
capacity, CMlo• and the maximum realizable downlink capacity, c...o. for the COMA
applicants' (and Celaat's) systems have been calcul8ted, using current input data
provided by the proponents of the systems. Thia analysis does not take account of the
use of orthogonal COMA. and a..umes that all received PFD acta aa interfentnce. The
input data and results are given in Table 1 below.

.,...... ,.,....., UtIli .-c eo.w• ...... ........., a.;.dJ QIIIIt

."1'I_1CI111WtM1 (kiPS) 3.0 4.' 4.' 4.' 4.' '.0
CtwtMl AcHty F.-r (If) OAO 0.10 0.40 0.10 OM 0.•

T.. "F ..1IIIlIcIII (MHz) 11.5 1'.' 1'.' ,." 11.' 1'.'

r.Inirun Opnl", EIlINo (e) 4.0 3.0 S.O U U 4.0

tUn_ 01 ....." CONUS (If) I 10 10 20 ,. 141
...",F~ IIt..ux F.-r (If) 1 1 1 1 1 1

A..Pv; ••11 ...... .- 2.00 2.20 2.10 2.00 2.03 2.00
A..a........... (e) 2.10 S.IO 2.10 2.11 2.00 1.70
A........CanRI..... (ell) 1.50 2.00 1.00 1.00 1.00 2.00

A.........o.IIpF_ (e) 1.01 1.00 1.00 1.04 1.21 1.10

~""'fII""'AM. (end) ·21.0 -21.0 ".0 ".0 ".0 ".0

.... r.,.. MallIeS'" (I() szs 210 - - - -...._ .....~..Il COIIUI "or ..... MAl' ...,t ... ~11 ....
c:.1IM'lr UnIt ....... f) ....)

.......m-...... DowI..1l "or Itt. ..... ... ..... .. lUll
COIIUI c:..-.r LnII", .... 1) ....)

It"" 1 .......nkl



NcM 1: It iI not intlnded to operate1he IyDmt at theM mlXimum ...Iz.... cIownlnk CllPlCIy
Umbo SIIteIItle power level conltraints will dlc*te the IndMd_ ~1tIm paw.- ....and
corNePOnding ca.....

Note 2: MotoroCII beNewe tMt certain values (Qr lOme of'"~ in T'" 1 ..... lID be
_ju8ted to rwfIect what It conaiderl 8hoUtd be ul8d tD.._ In ,., world condliDn.,
and ...t».. Qlnnot 118" with the~ nurnbM ClllcJI_d In the..... See
Note below. .

Using equation (5) from section 5.1.2.2 8bove, the .....iDIbI. downlink capacity
of the systems, when operating both in isolation and in the preMnCe of other interfering
systems, has been calculated, and the results are given in Figures 1 to 6 below. Four
curves are given for each system, as follows:

(a> -No interferer": AlSum.s thM the w..-d system only
experiences self-inte~nce (i.e., no orthogonal COMA~ aaumed).

(b) -Interferer =Noise· 3 dB-: The wanted ayUn experienceI both .f·
interference and an interfering PFD from other lyatemS which il of. magnitude
that is 3 dB below the thermal noise level CPnd - 3dB).

(e) -Interferer =Noise-; The wanted syMem experienceI both .,­
interference and an interfering PFD from other lyatems which il of a magnitude
that is equal to the thermal noise level CPM).

(d) -Interferer =Noise + 3 dB-: The wanted system experiencel both MIf­
interference and an interfering PFD from other lyatems which is of a m.tude
that is 3 dB above the thermal noise level CPnd + 3dB).

NOTE: Motorola's analysis is reflected in the work
of Dr. Peter Monsen dated March 24, 1993.
It is assumed that Motorola will include
this document in its minority report.
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5.1.3.2 Collective Combined System Capacltl.. (11.1 MHz Bandwidth)

Thi. section addresses the collective CONUS downlink capacity lId'iev8ble
when the MSS systems analysed in section 5.1.3.1 .. aaumed to be oper8ting
simultaneously. co-fl'equency and CCHX)verage. In this section the full 16.5 MHz
bandwidth is assumed to be available. All .ystems are assumed to 'be oper8ting uaing
orthogonal COMA in the downlink. Constellation, Ellipsat, Globafstar and Odyuey are
assumed to use dual satellite diversity. This is taken into account by modifying
equation (5) in section 5.1.2.2 above, as follows:

=
awhere

(CMRD . PM> I (CIf)Ict + Pnd + PId> (6)

=_ ,__.0 with no satellite diverIity
= 0.5 with dual satellite diverIity

The achievable individual and collective downlink capfICiti. when multiple
COMA systems are in operation will depend on the amount of PFO used by MCh
system. There are therefore numerous permutations of varying amounta of this
resource to each system that can be analysed.
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Table 2 gives eleven example scenarios (described below) when all systems are
assumed to be operating co-poIar, showing the maximum PFD in UN by each aystem,
the corTesponding realizable capacity of that system, andthe~. CONUS
capacity (the sum of all the systems).

....rto • Dowtlllall A.-c CoMtII'I ..... ...••11.. Olt)• ., c.INt T....

CaM ,: Max. PFD (dIWIm2l4kHZ) ·142.0 -142.0 ·'~2.0 -t42.0 ·142.0 .t42.0

R..,;~ (foeti) ".. .,1 111. 'III 112'7 -.T tI77I

CaM 2: Mel. PFD (dIWIm2l4IlHz) ·1S8.0 -1•.0 -1•.0 -1••0 ·1•.0 .1•.0

R~~(f_) 1231 714 1211 2211 2Z2S '0441 ...,.
CaM 3: Max. PFD (cllWlm2l4llHz) -142.0 ·142.0 -142.0 -142.0 ·142.0

R__ CIr*ltY (f ca.) 1473 714 1211 2211 22ZI J-.

CaM ..: Max. PFD (clBWIm2#4kHz) _~1•.0 -1•.0 -1•.0 ·'••0 ·1• .0

.......... CIr*ltY (It-)
,. M4 1US .. .., ..

c.. 5: Mel. PFD (dBWIm2l4IlHz) -1•.0 ·1•.0 -1•.0 •1••0

R-*InS CIpecIty (If actI) 2018 1032 ,. 12M 0 1171
c.. 8: Mel. PFD (dBWhn2.44JlHz) .1•.0 ·1•.0 .1•.0 ·1•.0

~ CIpIcfty (I actI) 2011 1032 ,. 0 1210 ..
CaM 7: Mel. PFD (dlWlm2l4kHZ) -142.0 -142.0 ·142.0 ·1•.0 ·'•.0

R.utInt CIpecIty (I ca.) 1011 547 - ., .. ..
c.. 8: Melt. PFD (dlWh'n2I4kHZ) -142.0 -142.0 -1••' ·'••0

R~~(lfcell) GO 1120 4114 4123 ..
CaM I: Melt. PFD (dlWh'n2I4kHZ) .142.0 ·'••0 -1•.0

R.euItIng CIpedty (It ca.)
,. 4IG 4111 .-

c.. 10:Mu. PFD (dIW/'l'nZIllkHZ) -1••0 .'••0
R-.dng CIpIcfty (I actI) .... 1773 0 ..a,

c..11:Max. PFO (clBWlm2l4kHZ) ·'•.0 ·1•.0 ·'42.0
R..uana~ (I cell) 4IG 4111 ,.... 111I1
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The use of orthogonal polarization transmislions to increaae ilOlation between
potentially interfering MSS systems has been studied. The 8ChievabIe ilOlation is very
dependent on the propagation path, and the minim""," ilOlation va.. hIIve not been
sufficient to permit this technique to be used to allow fnIquency~ in~,
co-frequency FOMA MSS systems. However, in a COMA aystem any achievable
isolation can be used to incnt8M total spectrum capacity. The NI4MInt ilOlation i. the
average achievable, and not the worst case. The following two·t8bIeI demonltnlte the
impact on COMA system capacity of using orthogonalpol8riZation1 using two
representative values of achievable polarization isolation: 3 dB n 6 dB.

Table 3 gives the I8me eleven example scenariot but with the UM of orthogonal
potarizations between some of the systems (Right Hand Cin:ular (RHC) and Lett Hand
CircuJar (LHC». AMSC, Ellipsat and Globalstar are aaaumed to UN RHC polarization
and Constellation, Odyssey ,nd_Pelsat are assumed to use LHC polarization. An
average polarization isolation of 6 dB between RHC and LHC is asaumed in u...
results. .

...... Dow....' e-w. T.
MC

c... 1: Max. PFD (d8Whn2I4kHZ) ·142.0 ·142.0 ·'42.0 ·M2.0 -M2.0
R~~(tecta) 201M 114 tll7 271' 2710 -c... 2: Max. PFD (dBWhn2I4kHz) ·1SI.0 ·1•.0 -1." ·'••0 ·'•.0
R-.tIng c.pedty (t ecta) 21" 1011 1m ,... - .,.

c... 3: Ma. PFD (dBWlm2J4kHz) ·142.0 ·142.0 ·142.0 ·142.0 .142.0
R..etIng c.pedty (t ecta) 2245 121 1177 ., .. .-

c.. 4: Max. PFD (d8Wlm2J4kHZ) ·'•.0 ·'•.0 ·1•.0 ·'••0 ·1••0
R-.tIng~ (t cetI) 2St4 1110 .. a.2 - ~

c.. 5: Me. PFD (cl8Wlm2J4kHz) ·1S•.0 ·'•.0 ·1••0 ·1••0
RIIUIIIng c:.peeIty (t ClCtI) 2142 '237 2ZSI St07 0 ~

c.. 8: Ma. PFD (dlWhn2I4kHZ) .1•.0 .1•.0 ·'••0 ·1••0
R", c:.peeIty (II cdI) 3111 ,... 2712 0 4IGI ..

c.. 7: Me. PFD (dlWhn2I4ttHZ) .142.0 ·t42.0 ·t42.0 ·'••0 ·,ao
R.uIIng~ (II cdI) ,- 743 1143 - ID14 ..

c.. ,: Me. PFD~1cHz) -t42.0 -t42.0 ·'•.0 .1••0

....CIpMIly -«*) - ,. 1117 - WII
c...:u..PFD~ ·142.0 ·1••0 ·1••0

R.-ng CIpMIly _ cdI) 1171 ., ... ~

c..10:....PFD(eW~ .1•.0 ·1••0

R.-ng CIpMIly --) ... 12M 0 -c.. " :MIDl. PFO (d1WAft2,t4»tz) .1••0 ·'••0 ·1G.O

R..-o CII*ItY _-> TfI7 ,. .tI ..


